The aim of the study was to determine the content of copper, manganese and chromium in white and red wines available on Polish market. The results have been compared with similar studies of other researchers as well as with the recommendations regarding dietary intake of analysed elements. Statistical analysis showed that there was a statistically important difference in manganese and copper content between the two groups of wines.
Introduction
Wine is a very popular beverage worldwide. In Poland, the production of grape wine in 2015 was 15.3 mln tons [1] . According to the report of the Central Statistical Office [2] consumption of wine and mead in Poland in 2015 was 6.3 L per capita per year (since mead is far less popular one can assume that the major consumption comes from wine). Similarly to other foodstuffs, wine is the subject of wide range of quality tests in order to monitor its nutrient values as well as possible contaminations. All three of the studied elements are essential microelements, which can be, however, a potential threat to human health when provided in excess.
Metals in wine come from both natural and anthropogenic sources. Partly they can be incorporated into grapevine from the soil but can also be introduced to the wine during the production process (stainless steel containers, metal tubing etc.). In addition to that, further amounts of copper and manganese in wine come from pesticides [3] . The chromium concentration in wine usually increases with time which suggests that this element can be introduced from the container material during storage. Apart from health effects, excessive amounts of metals in wine affect its taste and appearance [4] and its concentration can be a significant parameter affecting consumption and conservation of wine. Since metallic ions have important role in oxide-reductive reactions resulting in wine browning, turbidity, cloudiness, and astringency, wine quality depends greatly on its metal composition. Moreover, metals in wine may affect human health. Consumption of wine may contribute to the daily dietary intake of essential metals (i.e., copper, iron, and zinc).
Materials and Methods
Ten wine samples were collected, most of which were purchased in local stores in Tarnów (southern Poland). Basic characteristics of the samples have been described in Table 1 .
Analyses were carried out using Agilent 240Z AA atomic absorption spectrometer with graphite-furnace atomization and Zeeman background correction. By careful choice of the temperature program (ashing and atomization temperatures, matrix modifiers) matrix effects were avoided and good analytical signals could be achieved. Each element in a given sample was measured in three replicates.
Results and Discussion
The results together with expanded uncertainties (confidence interval 95%, k=2) are presented in Table 2 . Uncertainties were calculated according to the NIST guide for uncertainties expression [5] . Results of the analyses were compared with those reported by other researchers and the details of this comparison are presented in Table 3 . In general, the values obtained in this study are comparable with the results found in the literature. According to International Organization of Vine and Wine [6] , maximum acceptable limit for copper in wine is 1 mg/L (1000 µg/L). Only one of the studied samples (no. 6, Table 1 ) was relatively close to this value.
In order to find potential correlations among the results, appropriate statistical tests were carried out (Statistica software, Statsoft Inc.). The results pointed out, that the content of manganese and copper differ significantly between red and white wines (with p<0,02 for both cases). Both metals are more abundant in the red than the white wines. Experimental data together with mean values are presented on the Fig. 1 . One can notice that the results for copper in white wines form very close-fitting group.
Assuming daily consumption of wine equal to 6.3 L per capita per year [2] , daily intake of each element was estimated. Comparison with the dietary recommendations [14] showed that none of the examined wine is an important source of studied elements in human diet. This comparison is summarized in 
Conclusions
This study showed that atomic absorption spectrometry is a suitable technique for the determination of trace elements in wine, which is a relatively complex matrix. This is an encouragement for further studies in this field. The results are comparable with those found in literature. Despite low number of the samples it was possible to find significant difference between red and white wines in regard of copper and manganese content. Wine is a minor source of Cu, Mn and Cr in human diet but still should be a subject of constant monitoring since excessive amounts of these metals can pose a potential health risk for humans.
